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FIBER-OPTIC COL’PLEDPRESSURE TIWDUCER*

Charles R. Tallman, Frank P. Wingate, Evan O. Bsllard

ABSTP.ACT

University of California, Los Alamos Scientific Laboratory
tis Alamos, New Mexico 87545

A fiber-cptic coupled pressure tranducer was dev-
eloped for m~aurement of pressure transients pro-
duced by fast electrical discharges in laser cavi-
ties. A detailed description of the design and
performance will be given. Shock tube performance
and measurement in direct electrical discharge
regions will be presenteti,

ISTkODUCTION

Dynamic pressure measurements in transverse dis-
chargt laaers are difficult to obtain. The acous-
tic energy developed in the laser cavity is pro-
duced by an electrical discharge between the laser
electrodes. In a KrF laser the current peak in
this discharge is 150 K amps lssting 40 ns deliver-
ing shout 100 J to the gas. A large portion of this
energy is in the form of h-t, but a signiitcant
fraction does sppesr in the form of preaaure shock
waves. Aside from the trdnsient over pressure of
near 1,5 snd its sttendant atreas considerations,
we are concerned about the density gradients in
the gas cauaing the laser beam to be diffracted,
spoiling its focsaibility, The electromagnetic
noise (EMI) produced during this diachsrge often
occurring at 70 kV, presents a severe ●lectrical
noise problem for the moat standard transduction
techniques i.e., strain gauge, variable reluctance,
pieToelectric due to very large electric and mag-
netic fields produced and large ground currents,
It is particularly difficult to obtain the peak dy-
namic pressure beween the ●lectrodes directly in
these electrical discharge not only because cf
large currents flowing in the “around”, but any
perturbation of the surface of the ●lectrodes pro-
tlucea ●lectric field enhancanent which can cause
●rctig at the transducer which either can destroy
the transducer or produce erroneous pressure infor-
mation.

A fiber-optic coupled pressure transducer wae dev-
eloped, so that preesures could be musurad c~irect-
ly in these high current discharge, Firet ● pro-
totype instrument wcs desisned ●nd tested for dy-
namic performance ●nd then these techniques were
applied to ● laser discharge system deai8ned for
●coustic studies. We will describe both “cvlces
●nd their performance.

*Work performed under the ●uapicee of the U.S. DOE

DESIC!i

From s~ple energy deposition calculations an esti-
mate of the pressure magnitude can be made. Unfor-
tunately, the uncertainty in the volume of the gas
that receives this energy is not well know,, nor
is it valid to assume that the energy is ul.iformly
deposited in the discharge volume. Probably e
largtr portion of the energy ia deposited near the
cathode. Nonetheless, as estimate of this pressure
will at le~st allcw the full scale range of the
transducer to be selected. These will be cavity
resonances ●xcited which can cremte Standing waves
and without deliberate introduction of damping and
acousti: attenuators, amplification of two or more
can be expected. We choose to set the full scale
pressure at 100 psia.

Since we also were interested in learoing about
resonsnt modes as well ae the shock step produced,
we needed a transducer of wide bandwidth in the
order of 30 kHz.

Further, we wanted to keep the sensing diaphragm
small ao that a minimum perturbation would be made
on the electric field. We choose to keep the
diaphragm below 0,25 inches in diameter, This is
all very well, but how do you convert the diaphragm
displacement to a form whicn will ignore the elec-
trical noise?

We elected to uae the KD-1OO Fotonic se:,sor made by
Mechanical Technology Incorporated, This device
consists of s 0,108-inch-diameter probe filled with
fiber optics. About half of these fibers are con-
nected to a light source and half to a photodetector.
As the probe is brought near a reflecting surface,
light from the emitting fibers is picked up by the
receiving fibere. A small displacement of the re-
flecti:lf surface results in a change in the received
light ●nd thus a change in output. Figure 1 shows
the output in volts vs displacement in thousa.ada of
an inch. A location of the probe ●t O.00~ inches
i-em the diaphragm produces ● linear signal of sen-
sitivity of over 4 Vlmil. At that setting the peak-
to-psak ●lectrical noise (wide band) is ●quivalent
to f s B inchas displacement,

A prototype pressure transducer was then built ●a
shown in Fig, 2. This croessection indicates how
the fiber-optic displacement probe waa sacured. This



rnodificatior, of a conax fitting allowed the probe
to be located at the opttium 0.004” away from the
diaphragm using the probe to read out its precise
location and then securing it by tightening the
back nut.

The diaphragm was machined In a separate part as
shown in the drawing, Given the desired outside
diameter of 0.25 inches the Inside diameter was
0.171 inches, therefore the tiside radius = 0.0855
inches.

The maxtium stress for an edge clam~ed diaphragm
is:

0= 0.75 P a2 or
~2 t=a~m

m

where p - pressure in pai
a = radius in inches
t- thickness in Inches

for 304 SS to keep well within the elastic limit,
we chose o to be 30,000 psi or less

In
thus

t - a fi.~
a

m

t - 0,005 inches for o- = 20,000 an3 if t * 0,0035
inches, am becomes 45,000 psi

The natural frequency of an edge clamped
is:

where
E=
v.

w=
a-
t-
8=

diaphragm

fn - 10.21

–d
&i_____

2n
12(1 - V2)pua4

Youngs Modulus of 28x106 for 304 SS
Poisson’s ratio 0.3
weight density 0,283 lb/in’
radius 0,0855 inches
thickness 0.005 inch s
gravity 386 inlsec

f

This gives fn - 66 kHz for an 0,005 inch thick
diaphragm and 39,6 kllz for an 0.0003 inch diaphragm
which is above our 30 kHz goal, The 3 db roll-off
frequency of the fiber optics transduce: electron-
ics is 60 kHz so this will not limit tho response.
Finelly, the displacement of a diaphragm lb Biven

where Zm is the maixmum deflection
This gives ● maximum deflection, af

of the center.
0.26 mil for a

thicbeas of 0,0005 inches ●t 100 pai and 1,2 mil
for a thicknees of 0,0003 inches at 100 psi.

Two diaphragms were machined, one a thicka’iessof
0.0005 inches, ●nd a eecond with a thickness of
~sO03S inches. The 0.0C03-inctI diaphragm could
be considered ● 50 pair pressure ranse diaphragm if
30,000 peimax streen ia held ●s the upper ltilt.

2
pm=~ - 50 psl

0.75 a2

CALIBRATIOS

Static calibration was made es ehown in Fig. 3, in-

dicating the 0.005-inch-thick diaphragm performed
quite well to 150 psi (33,000 psi stress load).
Hysteresis was less than 2% and llnearity less than
5%. Although this is not outstanding, it is quite
sufficient for the dynamic data to be measured in
our laser application. Figure ~ shows the output
vs pressure for a 0.0035 inch diaphragm transducer.
This transducer exhibited only 1.4% nonlinearity and
1.3% hysteresis for 100 psi range.

A shock tube was used to determine the dynamic per-
formance of this transducer. The fiber optic
coupled pressure transducer was mounted at the end
of the shock tube and adjacent to it, a piezoelec-
tric transducer was also mounted for reference.

Figure 5 shows the step response of the 0.005 inch
diaphragm fiber-optic coupled transducer and the
piezoelectric reference transducer. The transducer
shows a 30% oversho: and a rise time 1O-9OI of z 20
US with a ring frequency of near 30 kl-lz. This re-
sult is satisfactory.

LASER EXPERIME!iT

The pres..wre transducer waa installed directly iJi the
laaer electrode as shown in Fig. 6. With careful
machining, the diaphragm waa located within 0,001
inches of the eleci de surface and the gap around
the diaphragm wa~ also held within 0.0005 inches.
This was Important to mintiize the electrical fiel?
enhancement, and it was observed that no arcing
occurred at the transducer. A series of experiments
were made using a dummy transducer connected elec-
trically and mechanically to the electrode bt)t not
exposed to pressure to verify that the signals were
not electrical noise or vibration induced. After
considerable effort including the use of torroide on
the output coax, filtering and uae of a 50 Q line
driver amplifier a signal/noise of 14:1 was achieved.
A typical-pressure tr~ce la shown in FiE. 7. This
signal was also analyzed with a spectrum analyzer
which cl-rly indicated three dominant cavity reso-
nances at 10.125, 12, and 18.75 kHz. Analyais of the
time trace shown the cavity lmgitudinal reflection
et 85o US. The calculated reflection time was 885
pa for this gas mix of 90% He, 10% Ar. We verified
that indeed these signals were pressure by changing
the gaa. Experiments with He gave a reflection time
of 640 US. The cavity resonant frequencies aleo
.hifted by the ratio of the velocity of sound in the
two gaa medias. Experiments ●re now in progress to
correlate the pressure magnitudes with the ●lectrical
●nergy deposited in the diacbrge and to evaluate
the effectiveneaa of acouatic ●ttenuator.

CONCLUSION

A fioer-optic coupled pressure transducer designed
for meeaurement directly h ●n electrical diacherge
did work well. Peek prasaurea, dominant cavity re-
sonances ●nd damping characteristic were o!~tained.



NV suggestion to other experimenters IS to place the
electronic readout circuitry in a screen room if at
all possible and to incorporate a low fmpedance
line driver in the output circuit. These two pro-
cedures.vill reduce the EMI-!nduced noise.
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SHOCKTUBE DYNAMIC PRESSURE TEST

STEP RESPONSE

PIEZOELECTRIC
REFERENCE

~

FIBER OPTICS
~~~

TRANSDUCER + 1- 2oops

Fig, 5



Q

INSTALLATION OF PRESSURE
SENSOR IN LASER ELECTRODE

Fig, 6



PRESSURE MEASUREMENT IN LASER
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